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Abstract 
Industrial revolutions have changed the society by a development of key-technologies. The vision of the 4th industrial revolution is triggered by 
technological concepts and solutions to realize a combination of the economy of scale with the economy of scope. This aim is also known as 
mass customization and is characterized by handling a high level of complexity with a total network integration of products and production 
processes. 
These technology-driven changes also lead to new fields of activity in the industrial science and the occupational psychology. The 4th industrial 
revolution intends to implement the collaboration between humans and machines. At the same time, processes are locally controlled and 
planned. For humans, this results to new work items. Resulting psychological effects should be investigated. 
This paper classifies the 4th industrial revolution systematically and describes future changes for employees. It derives the necessity of labor-
psychological analysis of new key technologies like cyber physical systems. A theoretical foundation of a psychological work requirement
analysis by using the VERA method is given. Finally, results of a preliminary study are carried out that will give the base for further studies. 
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1. Introduction 
The media, academia, research and industry discuss the 
term industry 4.0 or even the 4th industrial revolution 
controversially. On the one hand, potential future key 
technologies are expected and on the other hand, job losses 
and a further de-industrialization are feared. Overall, in the 
current debate is a reflection of employees regarding 
ergonomics, integration and cooperation with technologies. 
Theory related studies show, that technological changes also 
cause changes in mental work demands. [1] 
This paper intends to identify mental work demands on 
staff in socio-technical production systems as a field of action 
regarding technological changes of the 4th industrial 
revolution. 
Based on the concept of the industrial revolution, the 
announced 4th industrial revolution will be classified. 
Subsequently, the socio-technical production system is 
introduced as a reference where the man or employee 
represents one of the elements. [2] [3] [4] Based on this 
technology-driven changes on the job design and 
requirements on competency are identified which can lead to 
regulation of job action. [4] 
The theoretical basis of occupational psychology, the 
theory of action regulation is presented. This provides the 
basis of the methods VERA and RHIA. Finally, the first 
results of a preliminary study confirm the field of action. 
2. The 4th industrial revolution 
The term ‘industrial revolution’ refers to the change of the 
technological economic and social systems in industry. 
Especially, the circumstances of work, the changes of life 
conditions and the economic wealth are in focus. In the middle 
of the 18th century, the first movement in terms of industry 
started in England. Following the USA and European 
countries like Germany began to change agricultural society 
into an industrial one. 
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In this context, Thomas Newcomen invented the first 
important technology known as steam engine in 1712. James 
Watt fundamentally improved this steam engine later on. [5] 
[6] Before, people had to work with farm animals, water or 
wind as well as with man power. 
This advancement transformed most of work from acres 
into factories. Therefore, bigger factories and many 
manufacturing machines were built particular in the industry 
of weaving. Those machines needed a connection for 
transmission or had to be implemented near the central steam 
engine, where the power was provided. The resulting mass 
production is characterized by a standardization of products 
and processes. It provided new jobs for the growing 
population. People started moving to bigger cities to find work 
in the factories even though the wages were low and they did 
not have any possibilities and rights to improve their work 
circumstances. These were degrading and unhealthy, even 
children had to work in factories. Additional problems that 
resulted were overfill and excessive demands of the industrial 
cities. Especially the health of the citizens suffered. In order to 
supply food for the growing population, further essential 
inventions like railways or steamships were developed. Until 
1815 the wages had risen and the living standard became 
higher. At that time, the design of factories was energy flow 
driven. This flow was restricted by architecture of the steam 
engine and the transmission technology.  
Fig. 1. Chronology view on key-technologies of industrial revolutions 
Main features of the second revolution were the 
development of electric power and automatic operations. This 
technology allowed decentralized engines and motion. 
Moreover, the iron- and steel-production raised worldwide and 
provided material for bridges, railroads and skyscrapers. 
These advances demonstrate the scope of the second industrial 
revolution. Gottlieb Daimler and Karl Benz worked on the 
first car in 1885, which represented a new form of 
transportation. The innovations in this period went along with 
higher life quality. [7] 
To meet the growing demand, new technologies in 
production were developed, for example the assembly line. In 
this way, Henry Ford was able to increase the productivity, 
increase wages, while lowering the price of the T-model 
significantly. [8] 
The invention of the microchip in 1971 is considered as the 
starting point of the third industrial revolution. With the new 
technology of the personal computer, manufacturing 
productivity increased. This led to reduced labor costs. 
Consequently the industry had to focus on problems like 
excess capacity. Furthermore the workplace of people changed 
through different ways of communication and management 
technologies came to the fore. The organization of a company 
needed to adapt to networking organizations that worked more 
efficient and exploited the faster information technology. [9] 
The vision of the impending industrial revolution includes 
technological concepts and solutions to enable a combination 
of the economy of scale with the economy of scope. This 
4th industrial revolution is characterized by a high level of 
complexity (Fig 1) and using a total network integration of 
product and production processes. Therefore, it is necessary to 
find a way of customization in mass production. This field of 
research is known as mass customization. [10] 
Against these background smart objects called cyber 
physical systems (CPS) that can record information and 
communicate independently among themselves have aroused. 
This technology is a part of today’s science and is 
characterized as the 4th industrial revolution. The main 
advantage of this innovation is a flexible production regarding 
the customers demand. 
Especially intelligent sensor networks and the RFID 
technology enable quick information about the actual status of 
an object and help the employee to work on an efficient base. 
[11] Technological triggers are cyber physical systems (CPS), 
internet of things and services. [12]
In this context, cyber physical systems combine physical 
operations with information technology networks. The main 
intention is to allow decentralized decision processes and self-
controlling loops in technical systems like a production 
system. [13] The internet of things and services is a term for 
the identification and global availability of information about 
technical systems and cloud-based software solutions. [14] 
Furthermore, in so called ‘smart factories’ defects of 
machinery with numerous sensors can be avoid ad hoc their 
own correction systems. Sensors will detect the problem and 
actors will solve them autonomously. If there is for example a 
problem in the production process, this sensor will warn the 
next one in the process chain, which regulates the system to 
continue the production enhanced. [15] 
3. Relevance of industry 4.0 technologies for human 
competences and job design in socio-technical production 
systems 
The socio-technical view on a production system is an 
integrated description of relations between the subsystems 
technological system, human operation system and, 
organizational system (Fig. 2). [16] 
According to the definition that an industrial revolution 
changes technologies and the society, the socio-technical 
system is a useful regulation framework for the description of 
fields of action from the 4th industrial revolution. 
To describe the influences of the three subsystems, 
elements like people, goals, processes, culture, technology and 
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infrastructure are used. These elements are involved in an 
environment of economic circumstances, stakeholders and 
regulatory frameworks. Therefore, conditions in one element 
also impair other elements. [17] [18] 
Fig. 2. Elements of a socio-technical production system [16] 
On the one hand, technologically driven changes of an 
industrial revolution affect production engineering and 
technology. On the other hand, they always affect the social 
framework in the society and in the production systems. 
The final report of the Working Group Industry 4.0 shows 
broad areas of action from the socio-technical perspective. A 
need for research in the ergonomic design of work systems is 
also addressed, just as the qualification requirements for 
employees. Furthermore, it is pointed out that the increasing 
age of employees must be taken into account regarding 
prospective ergonomic workplace design. [19] 
Industry 4.0 technology-driven production systems gear 
towards industrial mass customization. For this, automation 
and human competences for complex problem solving will be 
merged within the CPS. For the management of self-
controlled systems, technologies for the identification of the 
product and the employee are necessary. [20] [21] 
With the help of future technologies and according to the 
Computer Integrated Manufacturing approach, it will be 
possible to realize a fully automated, deserted factory. [22] 
However, the 4th Industrial Revolution does not aim the 
substitution of people in the factory system, but to create a 
synergetic collaboration between humans and machines. [23] 
Such a network of humans and machines is characterized 
by an IT-based intelligent self-control and self-monitoring of 
physical processes. The key enabler is the technology of CPS. 
This network of humans and CPS results in a functionally 
integrated operative relationship between reality and the 
digital, global IT infrastructure. In this way, the systems 
become connected with their environment and users can 
interact with their peers. First, the interfaces between CPS 
have to be standardized to enable autonomous communication. 
Based on this the interfaces between the human and the CPS 
elements are one of the next challenges of the 4th industrial 
revolution [24] 
The importance of man-machine-interfaces will increase 
the interaction between both. The required communication 
between machines, products and employees can be described 
with the vision of the internet of things and services. This 
concept envisages the autonomous linking and communication 
of objects in decentralized information networks. [25] 
The integration of industry 4.0 concepts in production 
systems causes changes in the job design for employees. 
Previous technology orientated work tasks are converted into 
process orientated tasks with frequently changing contents. In 
contrast to the Computer Integrated Manufacturing concept of 
the 1980s the aim of the industry 4.0 is to focus the human in 
the working system. Thereby, it leads to the combination of 
automated processes and manual tasks in hybrid systems. 
Automation can result in positive scale effects from standard 
sequences of high volume processes. Educated employees are 
necessary to execute complex manual tasks and to control and 
manage machines and processes. Humans and machines can 
be complementary in a socio-technical system and take 
advantage of their special potential. Therefore, an increasing 
number of human machine interfaces will be realized in future 
industrial production systems. [26] 
Fig. 3. Changes of job profile and competences [27] 
The development of innovative communication and 
information technologies are leading to a distributing and 
networking environment. It leads to shifts in the job profile of 
employees and result different competency requirements. This 
in figure 3 shown change in job profiles are primarily 
characterized by decreasing executive production tasks and 
less subject-specific work tasks. At the same time, the scope 
of regulatory activities, tasks to improve faults, 
troubleshooting, and interdisciplinary collaboration are 
increasing. For the competence requirements of appropriate 
employees, this results in a declining demand for technical or 
professional skills. In future, the laborer will have to think less 
in detailed, individual processes and central organized 
scheduled tasks. Future work tasks increasingly require a 
comprehensive process thinking and self-organization of 
work. [28] [29] 
Therefore, the 4th industrial revolution has an impact on the 
work tasks, the management and the planning system. In 
addition, these factors of the work environment affect the 
psychological demands of the employee. The mental strain 
can be identified as a field of action for the implementation of 
the 4th Industrial Revolution. 
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4. Mental strain on employees as an action field in the 4th 
Industrial Revolution 
The mental or psychical strain in production work can be 
evaluated by using the methods VERA and RHIA, based on 
the action regulation theory. The method of determination of 
regulatory demands in work activity is a theory-based 
observation interview. It investigates the required planning 
and thinking processes in a work activity. [30] 
In the central five-level model (Fig. 4) the cognitive ability 
is described in the course of an action. The cognitive 
processes of action are characterized by the development of 
own objectives, appropriate intervention, their testing and 
correction. [31] 
This sequence of actions is frequently performed as the 
basic model of human action in the occupational 
psychological analysis. In the model of action regulation, 
every living being is subordinated to the desire to preserve 
their life. This endeavor requires the control of one's life and is 
therefore referred to as the control of pursuit. For the 
preservation of life, situations that threaten life have to be 
avoided and those that can maintain or enhance it and offer a 
basis for further life-sustaining situations should be examined. 
In figure 4 the level 5. development planning represents this 
aspect. With the aim to achieve the planned target 
consequence, possible sequences are designed by actions in 
lower levels of the action plan. The level 1. execution of 
actions is regulated in action execution and adapted to 
environmental factors. Through the sequence of these action 
phases and the cyclical feedback between the different levels, 
each conscious movement of a living being, including the 
work activities of people are traceable to control struts like the 
urge to preserve life. [32] 
The work activity is described as "targeted [...] willing-
based activity of personalities that are regulated by 
motivational, volitional and cognitive processes as well as 
mental representations". [32] This goes back to the activity 
theory by LEONTJEV and is based on action regulation theory 
by HACKER and VOLPERT. [33] [34] [35] Recent publications 
about applications of the action regulation theory in 
educational research demonstrate the significance and 
generality of this theory. [32] [29] 
The fife-level model of action regulation uses the image of 
human, which is described by the action regulation theory. 
[29] The theory assumes that the person is acting as the active 
part of its environment. The theory of action regulation falls 
on the characterization of human action as objectively and in 
the context of the company located, conscious and purposeful 
activity. Actions are sequentially and hierarchically organized 
strung together. [35] [31] 
According to the theory of action regulation, the 4th
industrial revolution will influence future tasks. With the help 
of CPS it will be possible to manage processes considering 
physical properties. The system can evaluate the status of each 
production step with the aid of sensors. So it can adapt the 
sequence and schedule interactively. As a cooperative system 
it is able to distribute tasks flexibly between laborers and 
production machines. [26] 
For employees, this means that the action to execute is not 
predictable. In terms of the five levels of action regulation, 
hierarchical sequential completeness of an action is limited if 
the employee is not able to create complex action plans, 
concepts of action and movement patterns. A limited action 
may lead to increased mental stress. [36] According to 
changing work conditions, the demand on action regulation 
should be researched for future work systems. 
Fig. 4. Fife-level-model of activity regulation [30] 
VERA/RHIA are an established combination of two 
methods to assess the mental job demands. The method 
determination of regulatory requirements in work activity 
(VERA, German acronym) is a theory-based observation 
interview for the investigation of necessary planning and 
thinking processes in work activities. [28] The theoretical 
basis for VERA is the action regulation theory, which is also 
based on the process aim of hierarchical sequential complete 
actions. 
To quantify the evaluated work tasks, the method uses a 
ten-class model of regulation requirements, based on the fife-
level model. The classes represent the quality of independent 
thinking, planning and decision-making to manage the work 
tasks. Division of laborer and the standardization of work 
processes lead to a separation of the overall planning and 
decision-making of the employee’s action performance. The 
regulation class will be low. Thus incomplete actions prevent 
the effective use of work experience and qualifications, have a 
negative effect on work motivation, self-reliance, and leads to 
organizational detours in decision-making. [38] 
Based on the assessment of the VERA levels, 
organizational design measures can be derived which aims at 
increasing the mental requirements. Generally, this leads to a 
more active life of the employee and faster decisions, without 
increasing the psychological stress. The quantitative 
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regulation levels allow a comparison of different work 
activities and different jobs. With this method, it is possible to 
evaluate the effectiveness of job design measures or the 
impact of new technologies like such of the 4th industrial 
revolution. [28] [38] 
A first preliminary study examined five industrial work 
systems from the steelwork sector with different levels of 
automation and changeability. The 4th industrial revolution 
also purpose this characteristics. The aim of this research was 
to demonstrate the link between the design of the work system 
and the mental requirements on employees in the production. 
The study is based on the method VERA to collect data about 
the regulation disabilities in production tasks depending on the 
tasks and the design of socio-technical production system. 
Work systems with a high level of changeability show a 
higher level of regulation requirements then static work 
systems. The findings denote increased mental requirements 
for employee in process orientated working system. [38] 
5. Conclusion 
The technologies of the future production will cause far-
reaching changes for the socio-technical production system. 
Research activities on technical requirements have been 
launched in different areas and already announce first 
implementable concepts. 
However, these changes also affect people in their working 
environment. As fields of research regarding to the 
implementation of the industry 4.0, ergonomic work systems 
are already required in the context of demographic change. 
The relationships between future industry 4.0 technologies and 
mental demands are not addressed adequately. Therefore it is 
necessary to consider it as another field of action for the 
implementation of the 4th  industrial revolution. Findings from 
planned studies will support the implementation of the 4th
industrial revolution. 
6. References 
[1] Scheer, A.: Industrie 4.0. IMC, 2013 
[2] Fischer, G.; Hermann, T.: Socio-Technical Systems – A Meta-
Design Perspective. Center for LifeLong Learning and Desing, 
Colorado, 2010 
[3] Appelbaum, S. H.: Socio-technical systems theory: an 
intervention strategy for organizational development. 
Management Decision, Vol. 35 Iss: 6, pp.452 – 463. MCP 
University Press. 1997 
[4] Roussleau, D. M.: Technological Differences in Job 
Characteristics, Employee Satisfaction, and Motivation: A 
Synthesis of Job Design Resarch and Sociotechnical Systems 
Theory. In: Organizational Behaviour and Human Performance 
19, 18-42 (1977). University of California USA, 1977 
[5] Fischer, E. P.: Indestructible. The energy and its history. 
Original citation: Unzerstörbar. Die Energie und ihre 
Geschichte. Springer, Berlin 2014 
[6] D. C. Coleman, Myth, History and the Industrial Revolution. 
Coleman, 1992 
[7] Tim McNeese, History of Civilization - The Age of the progress. 
2000 
[8] Henry Ford: My Life and Work. Doubleday, 1922. 
[9] Michael C. Jensen - The Modern Industrial Revolution, Exit, and 
the Failure of Internal Control Systems. 1999 
[10] Kagermann, H.; Wahlster, W.; Helbig, J.: Secure the future of 
Germany as a production location, implementation 
recommendations for the future project industry 4.0. Original 
citation: Deutschlands Zukunft als Produktionsstandort sichern, 
Umsetzungsempfehlungen für das Zukunftsprojekt Industrie 4.0. 
Forschungsunion, Berlin, 2012 
[11] Wolfgang Wahlster, - SemProM : Foundations of Semantic 
Product Memories for the Internet of Things, Part 1 
[12] Spur, G.: Internet is changing factory. Original citation: Internet 
verändert Fabrik. ZWF Zeitung für wirtschaftlichen 
Fabrikbetrieb. 108, 2013 
[13] Lee, E. A.: Cyber Physical Systems: Design Challenges: 
International Symposium on Object/Component/Service- 
Oriented Real- Time Distributed Computing (ISORC) 2008 
[14] Uckelmann, D.; Harrison, M; Michaelles, F. (Hrsg.): 
Architecting the Internet of Things, Springer, Berlin 2011. 
[15] Weidmüller - Industry 4.0 Thinking ahead on the Factory of the 
Future. Detmold, 2013 
[16] Ropohl, G.: General technology. A system theory of technique. 
Original citation: Allgemeine Technologie. Eine Systemtheorie 
der Technik. 3. Ed., Universitätsverlag, Karlsruhe 2009. 
[17] Geels, F.; Schot, J.: Typology of sociotechnical transition 
pathways. Eindhoven, 2007 
[18] Davis, M.C., et al., Advancing socio-technical systems thinking: 
A call for bravery, Applied Ergonomics, 2013 
[19] Kagermann, H.: Final Report of the Working Group on Industry 
4.0. Original citation: Abschlussbericht des Arbeitskreises 
Industrie 4.0. Heilmeyer, Frankfurt 2013 
[20] Kuang, Z.; Hu, L.; Yu, X.; Tian, Y.; Chen, F.; Zhao, K.: A 
Human Sensory Architecture for Cyber Physical Systems. In: 
Journal of Theoretical and Applied Information Technology 
2013 
[21] Geisberger, E.; Broy, M.: agendaCPS. Integrated Research 
Agenda Cyber-Physical Systems. Original citation: agendaCPS. 
Integrierte Forschungsagenda Cyber-Physical Systems. Berlin 
2012.
[22] Sheridan, T.: Humans and Automation: System Design and 
Research Issues. John Wiley & Sons, New York 2002 
[23] Kagermann, H.; Wahlster, W.; Helbig, J.: Secure the future of 
Germany as a production location, implementation 
recommendations for the future project industry 4.0. Original 
citation: Deutschlands Zukunft als Produktionsstandort sichern, 
Umsetzungsempfehlungen für das Zukunftsprojekt Industrie 4.0. 
Forschungsunion, Berlin, 2012 
[24] Broy, M.: Cyber-physical systems. Springer, Berlin 2010 
[25] Uckelmann, D.; Harrison, M; Michaelles, F. (Hrsg.): 
Architecting the Internet of Things, Springer, Berlin 2011 
[26] Dombrowski, U.; Wagner, T.; Riechel, C.: Concept for a Cyber 
Physical Assembly System. In: Proposals on IEEE ISAM 2013 - 
International Symposium on Assembly and Manufacturing. 
Xi’an (China) 2013 
[27] Kurz, C.: Work in industry 4.0 - Better then cheaper as a 
sustainable design perspective. Original citation: Arbeit in der 
Industrie 4.0 – Besser statt billiger als zukunftsfähige 
Gestaltungsperspektive. In: IM Information Management und 
Consulting. Ed. 3, p. 56-60. Imc, Saarbrücken 2012 
[28] Oesterreich, R.; Leitner, K.; Resch, M.: Analysis of 
psychological demands and pressures in production work. The 
method RHIA / VERA production. Original citation: Analyse 
psychischer Anforderungen und Belastungen in der 
Produktionsarbeit. Das Verfahren RHIA/VERA-Produktion. 
Hogrefe, Göttingen 2000 
[29] Schelten, A.: About the usefulness of action regulation theory 
for the professional and working pedagogy. Original citation: 
Über den Nutzen der Handlungsregulationstheorie für die 
Berufs- und Arbeitspädagogik. In: Pädagogische Rundschau. 56. 
Jg., 2002 
[30] Dunckel, H.: Handbook of psychological work analysis method. 
Original citation: Handbuch psychologischer 
Arbeitsanalyseverfahren. Vdf, Zürich 1999 
[31] Oesterreich, R.: Action regulation and control. Original citation: 
Handlungsregulation und Kontrolle. Urban, München 1981 
[32] Hacker, W.: Work activity analysis. Analysis and evaluation of 
psychological job demands. Original citation: 
Arbeitstätigkeitsanalyse. Analyse und Bewertung psychischer 
105 Uwe Dombrowski and Tobias Wagner /  Procedia CIRP  17 ( 2014 )  100 – 105 
Arbeitsanforderungen. Asanger, Heidelberg, 1995 
[33] Leontiev, A.: Activity, Consciousness and Personality. 
Englewood Cliffs, New York 1978 
[34] Hacker, W.: General Work and Engineering Psychology. Mental 
structure and regulation of work activities. Original citation: 
Allgemeine Arbeits- und Ingenieurpsychologie. Psychische 
Struktur und Regulation von Arbeitstätigkeiten. DVW, Berlin 
1973 
[35] Volpert, W.: Wage labor psychology. Original citation: 
Lohnarbeitspsychologie. Fischer, Frankfurt 1975 
[36] Hacker, W.:  
General Industrial Psychology. Mental regulation of knowledge, thinking 
and physical labor. Original citation: Allgemeine 
Arbeitspsychologie. Psychische Regulation von Wissens-, Denk- 
und körperlicher Arbeit. Huber, Bern 2005 
[37] Oesterreich, R.: VERA - Method for determining regulatory 
requirements. Original citation: VERA - Verfahren zur 
Ermittlung von Regulationserfordernissen. In: Dunckel, H.: 
Handbuch psychologischer Arbeitsanalyseverfahren. Vdf, Zürich 
1999 
[38] Heinen, S.; Wagner, T.; Frenz, M.; Schlick, C.: Changing 
industrial skilled work of technology-oriented to process-
oriented professional concepts. Original citation: Wandel der 
industriellen Facharbeit von technologieorientierten zu 
prozessorientierten Berufskonzepten. In: Chancen durch Arbeits-
, Produkt- und Systemgestaltung. Gesellschaft für 
Arbeitswissenschaft, GfA-Press, Dortmund 2013
